Although all herpesviruses are similar in their temporal regulation of gene expression, the organization of the immediate early (IE) genes varies markedly between the different members of the group. Most of the IE transcripts of human cytomegalovirus originate from a restricted region within the long unique segment of its linear dsDNA genome of 235 kb. One of the predominant transcripts from the IE region is a 5 kb RNA. Northern blot analyses revealed that this class of RNA is continuously present in infected cells. It was detected at high levels in IE and late RNA preparations, and in low amounts in early RNA preparations. It was not confined to the poly(A) + fraction upon oligo(dT) selection, but also appeared in similar amounts in poly(A)-fractions. Fine mapping of this transcript was done by nuclease protection and primer extension. The RNA appeared to be unspliced, and no signals such as TATA or CCAAT, known to be important elements in eukaryotic RNA polymerase II promoters, were found close to the 5' end. Sequence analysis revealed multiple stop codons throughout the AT-rich potential coding region. Since no splicing was found to occur, the largest protein deduced from the DNA sequence would be of not more than 12000 Mr. However, a computer program designed to detect protein-coding DNA sequences by codon usage did not reveal significant evidence for a protein encoded in this region. Therefore this RNA is likely to represent an unprecedented case of a large non-coding transcript present in cells that are lytically infected by an animal virus.
INTRODUCTION
Human cytomegalovirus (HCMV), a member of the herpesvirus group, is the causative agent of severe disorders in immunocompromised patients such as transplant recipients or patients suffering from the acquired immune deficiency syndrome. The genome, a linear dsDNA molecule of about 235 kb (Fleckenstein et al., 1982) shows a sequential pattern of gene expression in permissive cells. Immediate early (IE) transcription occurs in restricted parts of the genome prior to the onset of protein synthesis (DeMarchi, 1981; Jahn et al., 1984a; McDonough & Spector, 1983; Stinski et al., 1983) . Subsequent to IE protein synthesis, a switch in transcription pattern leads to the appearance of early (E) transcripts in infected cells. However, it seems that the process of maturation of late transcripts to functional mRNAs is dependent upon DNA replication. At late stages, RNA from most regions of the genome is present on the polysomes (Wathen & Stinski, 1982) . Besides transcriptional regulation, posttranscriptional control mechanisms were recently reported for the expression of various genes belonging to the E and late classes, respectively. Several such mechanisms have been proposed including differential Y end processing at various times after infection (Goins & Stinski, 1986) and different activities of cis-acting elements in the 5' leader region (Geballe et al., 1986a, b) .
The analysis of gene expression and regulation has been hindered thus far, however, by the limited number of mapped genes. Only a few proteins of HCMV-infected cells can at present be assigned to defined regions on the genome (Cranage et al., 1986; Heilbronn et al., 1987; Kouzarides et al., 1987; Mach et al., 1986; Mocarski et al., 1985; Riiger et al., 1987) ; from such studies it appears that E and late genes of HCMV are scattered over the entire genome. In contrast, the IE genes are clustered in a restricted area (Jahn et al., 1984a; Stinski et al., 1983) . The major IE gene of HCMV (IE1) and its gene product, a nuclear phosphoprotein of Mr "68K to 72K, as well as two other genes from the IE region (IE2 and IE3) have been extensively characterized (Boshart et al., 1985; Henninghausen & Fleckenstein, 1986; Jahn et aL, 1984a; Staprans & Spector, 1986; Stenberg Ct al., 1984; Wilkinson et al., 1984) . Here we report on the structure of a fourth gene from the IE region of HCMV that appears to be different from all other IE genes thus far described in herpesviruses. The transcript from this gene, an RNA of about 5 kb, appears to be present in RNA preparations from infected ceils purified at IE, E and late times after infection (DeMarchi, 1983; Jahn et al., 1984a, b; Wathen & Stinski, 1982) . It spans a DNA fragment for which in vitro transforming activity has been reported (Nelson et al., 1984) . Completed sequence data, fine mapping and kinetics of the 5 kb RNA in the infected permissive cell are provided.
METHODS
Viruses and cell culture. Strains AD169 and Towne as well as wild-type HCMV were propagated in primary human foreskin fibroblast cell cultures according to standard procedures. Total cell IE and late RNA and RNA from uninfected cells [mock infection (MI) RNA] was purified as described before (Jahn et al., 1984a) . Total E RNA from HCMV-infected cells was prepared in the presence of either phosphonoacetic acid (PAA) or phosphonoformic acid (PFA), two potent inhibitors of the virus-encoded DNA polymerase, as described by Wathen & Stinski (1982) .
RNA purification. Total cellular RNA, as well as poly(A) ÷ and poly(A)-RNA, was purified according to published procedures (Chirgwin et al., 1979; J ahn et al., 1984a) with the exceptions that guanidine thiocyanate buffer (5.7 M-guanidine thiocyanate, 50 raM-lithium citrate, 0"I ~o lithium laurylsulphate, 0.1 ~o 2-mercaptoethanol) was used instead of guanidine hydrochloride buffer for cell lysis and that the final treatment of the RNA probes with proteinase K was omitted. Cytoplasmic and nuclear fractions of RNA were isolated as described by Ortin & Doerfler (1975) . After separation and centrifugation at 3000 r.p.m, for 10 min at 4 °C, the supernatant was mixed with 3 volumes of guanidine thiocyanate buffer and centifuged through a CsC1 cushion for 20 to 24 h at 28000 r.p.m, in an SW41 rotor to give the cytoplasmic fraction. Similarly, the pellet (nuclear fraction) was resuspended in guanidine thiocyanate buffer and centrifuged as just described. The resulting pellets were resuspended and RNA was ethanol-precipitated.
Northern blot hybridization. Northern blot analyses were carried out with 0.5 to 1.0 H denaturing agarose gels as described (Jahn et al., 1984a) . Double-stranded DNA probes were labelled either by nick translation or, in order to increase sensitivity, by replacement synthesis using T4 DNA polymerase. Hybridization conditions and washings were as described earlier. For hybridization of synthetic oligonucleotides to Northern blots, the DNA was labelled at the 5" end with [~-32p] dATP to a specific activity of 107 to 108 c.p.m./p.g. Hybridization was carried out in a buffer containing 25~ deionized formamide, 5 x SSC, 0-1~/o SDS, 1 x Denhardt's solution, 20 mM-sodium phosphate pH 7.0 and 100 ~tg of yeast RNA per ml at 25 °C to 30 °C for at least 48 h. Washing was done three times for 15 rain each in a buffer containing 2 x SSC, 0-1 ~ SDS and 20 mM-sodium phosphate, at 40 to 42 °C.
Nuclease protection analysis. Nuclease protection analyses with dsDNA probes were carried out by a modification of the technique of Berk & Sharp (1977) using either S1 nuclease or mung bean nuclease. Appropriate DNA fragments were separated on non-denaturing acrylamide gels and electro-eluted according to Stenberg et al. (1984) . For 3' end mapping, the DNA was end-labelled using T4 DNA polymerase. Twenty to 30 ~tg of total late RNA or MI RNA was hybridized to 105 to 5 x 105 c.p.m, of end-labelled DNA fragments at 56 °C for 3 h in 10 to 20 ~tl buffer contain4ng 80~ deionized formamide, 400 mM-NaC1, 40 mM-PIPES and l mM-EDTA. After hybridization the probes were diluted in 300 ~tl of ice-cold buffer containing 30 m/d-sodium acetate pH 4.6, 50 in~-NaCI, 1 m~-ZnC12 and 5~ glycerol together with 270 units (U)/ml S1 nuclease or 50 to 100 U/ml mung bean nuclease, respectively. Digestion with S1 nuclease was carried out at 30 °C for 30 min; mung bean nuclease digestion was carried out at 37 °C for 30 to 60 min. The resulting fragments were sized on 6 to 8~o denaturing sequencing gels. Nuclease protection analyses with M 13 ssDNA probes from genomic regions of high AT content were performed using a modification of the method described by Burke (1984) using unlabelled M13 ssDNA clones. Five to 20 ~tg of total late RNA and 0.5 to 2.5 ~tg of ssDNA were coprecipitated and resuspended in 10 ~tl of hybridization buffer (0.4 M-NaC1, 10 raM-PIPES pH 6.4). Denaturation of the probes at 85 °C for 5 rain was followed by hybridization for at least 3 h at temperatures between 50 and 60 °C. S1 or mung bean nuclease digestion was carried out as described above. After ethanol precipitation, the resulting fragments were subjected to 1 to 2~ neutral agarose gel electrophoresis and sized by Southern blot hybridization to [ct-32p] dATP-labelled probes. RNase protection analyses were modified from the original procedure of Melton et al. (1984a) .
Primer extension analysis. Oligonucleotides (30 nucleotides) complementary to the sequence of the RNA around the putative initiation site were synthesized on an Applied Biosystems DNA Synthesizer by the phosphoramidite method. The DNA was gel-purified before experimental use. For mapping, the primer extension technique originally described by Proudfoot et al. (1980) was modified. Synthetic DNA was labelled at the 5' end with [),-3zp]dATP and T4 polynucleotide kinase according to standard procedures. About 105 to 5 x 105 c.p.m, was coprecipitated together with 10 to 25 gg of total late or total MI RNA. After centrifugation; the dried pellet was resuspended in 10 txl of 0.1 M-NaC1, 20 mM-Tris-HCl pH 7.9, 0.1 mM-EDTA and heated to 70 °C for 15 min to allow denaturation. The probes were then hybridized at 37 °C for at least 8 h before extension. The reaction was performed at 37 °C for 45rain in a buffer containing 50 mM-Tris-HCl pH 7.5, 75 mM-NaC1, 10-mM-dithiothreitol, 3 mM-MgCI2, 100 ~tg/ml nuclease-free bovine serum albumin, 50 ~tg/ml actinomycin D, 1.0 mM-dATP, 1.0-mMdCTP, 1'0 mM-dTTP, 2-0 mM-dGTP and 200 U of cloned Moloney murine leukaemia virus reverse transcriptase. After this first step, another 200 U of enzyme was added and the reaction mixture was incubated for 45 min. The resulting cDNAs were subjected to electrophoresis on 6 to 8~ acrylamide-8 M-urea sequencing gels for size determination.
DNA sequencing and computer analyses. DNA sequence analysis was carried out by the chain termination method of Sanger et al. (1977) . Parts were also sequenced by the chemical degradation procedure of Maxam & Gilbert (1977) . Computing was done on a VAX 11/788 computer using the program package from the University of Wisconsin Genetics Computer Group designed by Devereux et al. (1984) . Release 50.0 of the GENBANK and release 12.0 of the NBRF Protein databank were used in this study. All other methods were according to standard procedures (Maniatis et at., 1982) .
RESULTS

Mapping and kinetics of the 5 kb RNA
Earlier studies had shown that a 5 kb RNA is transcribed from the IE region of HCMV (DeMarchi, 1983; Jahn et al., 1984a ; Wathen & Stinski, 1982) . This RNA spans a short DNA sequence for which in vitro transforming activity has been reported (Nelson et al., 1984) . In a first mapping attempt, we performed a series of Northern blot assays with a number of subclones from this part of the genome (Fig. 1) . RNA was prepared in the presence of cycloheximide (IE RNA) or in the presence of PAA or PFA (E RNA). Preparation of late RNA was done at about 5 days post-infection. RNA was subjected to electrophoresis on denaturing formaldehyde gels and transferred to nitrocellulose paper. Fig. 2 shows that the 5 kb transcript was seen in the Northern blot assay with RNA prepared under IE conditions, whereas hybridization to the same amount of RNA from the E phase showed decreased band intensity. In contrast to the typical IE transcripts of HCMV, the maximum amount of the 5 kb RNA class was found without any changes in size in preparations from late in infection. To gain further insight into the subcellular localization of the transcript, late RNA was fractionated to give cytoplasmic and nuclear RNA. These preparations were also analysed in Northern blots. However, hybridization with respective DNA clones showed no marked difference in intensity ( In an attempt to determine more precisely the length of the RNA, gels with a reduced agarose concentration (0.5 to 0.6~o) and reduced voltage gradient (0.5 to 1.0 V/cm) were used. Under these conditions, the single band of about 5 kb was split into two of about 5.0 kb and 4-6 kb (Fig. 2b, c) . In these kind of analyses, the upper larger band repeatedly appeared to be lower in intensity, irrespective of whether the RNA used had been extracted at IE, E or late times. No significant difference was seen when either anisomycin or cycloheximide were used as blocking agents for protein synthesis. This underlines the finding that transcription of the 5 kb RNA does not require the de novo synthesis of a virus-encoded protein.
Conservation of the 5 kb RNA in various strains of HCMV
Previous studies with large DNA probes showed that transcripts comparable in size and location to the 5 kb RNA of HCMV strain AD169 were also found in the laboratory-adapted strains Towne (Wathen et al., 1981) and Davis (DeMarchi, 1983) . In Southern blot , GJ . , hybridizations, the internal viral HindlII-XbaI fragment, cloned in pCM4000, appeared to be well conserved in laboratory strains and clinical isolates (Chandler & McDougall, 1986; Somogyi et al., 1987) . We prepared late RNA from strain Towne and one low-passage clinical isolate of HCMV. As can be seen in Fig. 3 , RNA of about the same size could be detected in all three strains. This indicates that, in addition to the DNA sequence, the transcriptional pattern of the 5 kb class of RNA is conserved in laboratory-adapted as well as in wild-type strains of HCMV.
Nucleotide sequence of the 5 kb RNA coding region The coding region for the 5 kb RNA has been partially sequenced (Kouzarides et al., 1983; Nelson et al., 1984) . In order to complete the sequence, another 1250 bp at the putative 3' end of the coding region were determined (Fig. 5) . In the course of sequencing, an additional, previously undescribed EcoRI restriction site was found to reside 125 bp rightward of the HindlII E-T junction on the AD169 genome. An additional HindlII site was verified 385 bp rightward of the HindlII E-T junction (Fig. 5) .
Mapping of the promoter
From a series of Northern blots (results schematically shown in Fig. 1 ), we could delimit the initiation site to the subclone pGJ3.3. An attempt to conduct RNase protection analyses with a number of subclones from this region proved to be impracticable due to the high AT content of the sequence and the presence of long homopolymeric A and T stretches. We therefore chose to use the primer extension method in conjunction with Northern blot assays to map accurately the 5' end of the R N A . For this, a set of 30-mer oligonucleotides complementary to the sequence of the coding strand was synthesized. Their location with respect to the known sequence is shown in Fig. 4 . In a first series of experiments, the oligonucleotides were labelled to high specific activity at the 5' end and hybridized to Northern blots. Since no differences were seen in previous hybridizations using IE or late R N A , for this and most of the subsequent mapping experiments only late R N A was used. The results of these experiments are shown in Fig. 6 (a) . Employing the same hybridization and washing conditions, the primers denoted BP7, BP6 and BP4 hybridized well with the 5 kb transcript. The oligonucleotide BP3 showed only weak hybridization, which was fairly visible only after extending exposure time by at least fourfold. The probe BP2 did not hybridize at all with the 5 kb R N A but did hybridize weakly with another late R N A of about 1.5 kb (Fig. 6a) . In a second set of experiments, the oligonucleotides were used for primer extension experiments. Again, late R N A from infected cells was used as a template. As shown in Fig. 6 ( f ) and (g) the oligonucleotides BP4, BP6 and BP7 were extended whereas BP2 and BP3 were not. As measured on sequencing gels along a sequencing track (data not shown), BP4 was extended by 177 bp resulting in a total length of 207 bp. The oligonucleotide BP6, located 5' to BP4 on the sequence (Fig. 4) , was extended by 58 bp giving a total size of 88 bp, whereas BP7, located at the rightmost end of pGJ3 was extended by about 510 bp to give a band at about position 540 on the acrylamide gel (Fig. 6c) . Taken together, these results indicate that the synthesis of cDNA by primer extension stops at about nucleotide 1664 on the sequence shown (Fig. 4) . This would be consistent with the finding that the primer BP3, which spans this position on the sequence, hybridized weakly to the 5 kb transcript in Northern blots but showed no extension. However, in most of the primer extensions with BP4, BP6 and especially BP7, products shorter than full length were seen. Since the lengths of these products could not be correlated when different primers were used, we consider these additional bands to be the result of non-specific termination of reverse transcription by the cloned Moloney murine leukaemia virus reverse transcriptase. However, splicing of a short exon from far upstream into this region to give a minor portion of the 5 kb class of RNA cannot be totally excluded. However, extensive Northern blot analyses performed earlier did not reveal a 5 kb RNA signal in any other region of the Hind111 E fragment of HCMV, including the coding region for the 1El and IE2 genes (Jahn et al., 1984a) .
Determination of the 3" end of the 5 kb RNA Our earlier studies indicated that the 3' end of the RNA extended at least close to the SalI site at 0.675 map units (Fig. 1) . In order to map accurately the 3' end of the 5 kb RNA, dsDNA probes were taken for nuclease protection. The clones are indicated at the bottom of Fig. 7 . As expected, probe C (Hind111-Sa11) was totally protected. A second minor band was found at about 190 bp in the acrylamide gels. This might be due to a nuclease-hypersensitive site. Such a site might occur at an AT-rich location 190 bp leftward of the second Hind111 site within Hind11I T (Fig. 1) . We cannot, however, exclude the possibility that a minor portion of the RNA, processed within pGJ0.2, terminates at this point, which could explain a faint smaller band seen in Northern blots after longer exposure. Alternatively, it may be that from this point part of the RNA molecules are spliced into an exon encoded further downstream. However, no splice consensus sequences were found in this area. Probe G (Sall-BamHI) was shortened to a major band of about 274 bp and a minor band of about 287 bp (Fig. 7) . The same result was seen when the smaller SalI-SphI fragment (pGJ0.7) was used as a probe. When the clones were used in RNase analyses with SP6 RNA probes, consistent results were obtained (data not shown). This suggests that the RNA molecules are, at least in part, processed 274 bp downstream of the SalI site and that a second site is found at 287 bp downstream. The two positions coincide with two CA dinucleotides (Fig. 5) , which are often present at the site of polyadenylation of eukaryotic RNA polymerase 11 transcripts (Berget, 1984; Birnstiel et al., 1985) . Immediately upstream of the first site, a perfect polyadenylation signal 5' AATAAA 3' was found (Fig. 5) .A GT-rich sequence important for polyadenylation is present immediately downstream of the second site (Fig. 5) . The findings from these experiments are concordant with the results of similar experiments carried out with a less accurate nuclease analysis using M13 ssDNA probes (data not shown). In these experiments, the opposite strand of pGJ0.7 reproducibly protected a fragment of about 100 bp less than full length. This indicates overlapping transcription of another late RNA of 1.5 kb with the 3' end of the 5 kb RNA.
DNA sequence analysis
The entire sequence was subjected to computer analysis. As seen in Fig. 8 (a) , calculation of the base composition shows an AT content of about 43 ~ for the upstream region of the 5 kb gene; this is concordant with the overall AT content of the virus (Ebeling et al., 1983) . Around the site of transcription initiation, the AT content increases to about 60 ~. The high average AT content appears characteristic for the whole coding region with a few marked drops at around the middle and terminal third (Fig. 8 a) . Numerous homopolymeric A and T stretches of up to 11 successive nucleotides are found throughout the coding region. No motifs for eukaryotic transcription by RNA polymerases I or 11I were found around the initiation site. No TATA box was found at positions -20 to -30 with respect to the initiation site. Also no CCAAT box-like sequence was seen at the proper distance. Immediately upstream of the initiation site, the sequence is highly GC-rich; such regions have also been proven crucial for proper function in other promoters such as that of the thymidine kinase gene of herpes simplex virus (HSV) (McKnight et al., 1984) . On looking for polyadenylation signals at the 3' end, the sequence AATAAA was found at positions 6258 to 6263 (Fig. 5 ). This motif is located immediately upstream of the two sites of processing seen in nuclease analyses. The sequence was then analysed for its protein-coding capacity. As shown in Fig. 8 (b) , a large number of stop codons are scattered all over the coding region, so that only small open reading frames (ORFs) are detectable in the direction of transcription. According to Kozak (1984) , the first AUG is used as an initiator codon in most eukaryotic genes. The first AUG in the 5 kb coding sequence, however, is directly adjacent to a stop codon in frame. An AUG that could be possibly used for translation initiation is found at position 1781 (Fig. 8c) . The respective ORF has a potential coding capacity for a peptide of 53 amino acids. A number of such ORFs are found throughout the region, the longest potentially coding for 99 amino acids. As shown in Fig. 8(d) , no indication of a protein-coding region could be identified with the computer program of Gribskov et al. (1984) . The codon frequency table used in this analysis was set up from the codon usage of several known genes of HCMV. The codon usage found for the 5 kb sequence appeared random. We do not know, however, whether this method would have recognized small coding sequences represented by the short ORFs from this region. In order to search for possible homologies between these short ORFs and known protein sequences, a WORD SEARCH was carried out with the algorithm of Wilbur & Lipman (1983) . Weak homologies were found with a few proteins such as the cellular tumour antigen p53 in regions with a high content of basic amino acids. Also, some limited homology was found by comparing the first longer ORF for 53 amino acids to the replication initiation protein of Escherichia coli plasmid R6K (data not shown).
A similar search was done on a nucleic acid level against the sequences present in the GENBANK databank. Again, no striking homology was found to any other eukaryotic or prokaryotic system. The sequences discovered were functionally unrelated to each other. They were, however, all AT-rich. In most cases homopolymeric stretches were also found, which led to short homologies using the program COMPARE. Taken together, this information suggests that the sequences found were selected by the program by their structural (AT clusters) rather than by their immediate functional relationship to the coding sequence for the 5 kb RNA of HCMV. DISCUSSION This paper describes the structure and expression kinetics of a 5 kb class of RNA encoded by HCMV. The transcription unit is located in a genomic region that is known to code for the majority of the IE genes (Jahn et al., 1984a; Stinski et al., 1983; Wilkinson et al., 1984) . The most abundantly transcribed IE gene (IE1) codes for a regulatory protein of Mr 68K to 72K (Stenberg et al., 1984) . This gene is negatively regulated at late stages of infection. The IE2 gene The numbers indicate the lengths of the primers and the estimated sizes of the extended products. The gels used in these assays were 6~ polyacrylamide-8 M-urea sequencing gels. Because of the different intensities of the longer and shorter extension products, different exposure times were chosen. All three extension products indicate the initiation site of the 5 kb RNA to be position 1664 in the sequence (see Fig. 4 ). is driven by the IE1 promoter at IE times, but changes its structure at E and late times to an unspliced molecule driven by its own promoter (Stenberg et al., 1985) . The IE3 gene products are seen at very low levels at IE times, increase considerably at E but decrease at late times (Staprans & Spector, 1986) . The 5 kb RNA, however, is present in large amounts in late RNA preparations and in decreased amounts in E RNA preparations. On the other hand, for at least a basal level of expression the de novo synthesis of other viral proteins is clearly not required. This can be deduced from the presence of this transcript in RNAs from cells treated with anisomycin. Another transcript of 2.7 kb from the repeat region of HCMV, which is also rich in AT, is found in preparations of RNA from all stages of infection; however, it is not seen in the presence of anisomycin. Thus it is considered to be an early transcript (Greenaway & Wilkinson, 1987; Hutchinson et al., 1986; McDonough et aL, 1985) . Since no differences in size were seen with RNA preparations from various times of infection, the 5 kb transcript appears to be the first RNA thus far described for HCMV that is present in the infected cell throughout the whole replication cycle without any change in its structure. Previous studies have shown that no splicing occurs within the 2-8 kb middle part of the coding region (clone pCM4000, Fig. 1 ) at IE and late times after infection (Nelson et al., 1984) . In this study no indication of splicing at either the 3' or 5' end was found for the rest of the coding region. However, splicing of a minor portion of the RNA molecules might have been missed by the methods used. Sequence analysis of the upstream region revealed no TATA or CCAAT homology within a reasonable distance from the initiation site. Although almost all eukaryotic RNA polymerase II promoters appear to contain such elements, there are known examples where TATA or CCAAT boxes are totally absent from functional promoters (Hall & Brown, 1985; Melton et al., 1984b; Rfiger et al., 1987) . The immediate upstream regions of these genes are usually GC-rich. Often the sequence GGCGGG or its inverted repeat is found, which is the binding sequence for the transcription factor SP1 (Dynan & Tjian, 1983; Vigneron et al., 1984) . Such sequences are also found in the regulatory region of the IE1 gene of HCMV (Boshart et al., 1985) . The sequence upstream of the putative initiation site of this 5 kb RNA is also GC-rich with a CCGCCC motif at positions -20 to -25 with respect to the site of initiation. In addition, a sequence resembling the binding site for the trans-acting gene product ICP4 of HSV-1 found in the regulatory regions of other IE genes of HSV-I (consensus ATCGTCRNNNYGCRC) (Faber & Wilcox, 1986; Muller, 1987) is also found in the upstream region of the 5 kb RNA at positions -328 to -342 and -806 to -821 with respect to the site of initiation. However, no sequence homology was found with the consensus sequence TAATGARATTC of HSV-1, which mediates transcriptional activation by the virion-associated factor Vmw65 (Bzik & Preston, 1986; Campbell et al., 1984; Gaffney et al., 1985; Kristie & Roizman, 1987; Mackem & Roizman, 1982) . No other sequence motifs known to be important for eukaryotic transcription were found in the upstream region of the 5 kb transcript.
A polyadenylation signal, AATAAA, was found at positions 6258 to 6263 on the sequence (Fig. 5) . Nuclease analyses placed the sites of 3' end-processing at two A residues at positions + 4 and + 17 downstream of this signal. The latter site is in good agreement with published spacing requirements for polyadenylation and 3' end-processing of eukaryotic RNA polymerase II genes (for review, see Birnstiel et al., 1985) . Usually, processing sites are found 10 to 30 bp downstream of the AATAAA consensus and upstream of a GT-rich sequence . Such a GT-rich sequence is found immediately downstream of the second site. From what is known from other genes, the first site appears to be too close to the AATAAA to serve as a processing site. It could be speculated that due to the imperfect spacing of this site the RNA is insufficiently processed and/or polyadenylated at this point and that the second site is used more efficiently. This again could be an explanation for the two bands of about 5 kb seen in Northern blot hybridizations. Another possibility is that splicing at the 3' end could account for the two size classes of RNA seen in Northern blots. Differential 3' splicing or processing has already been reported for HCMV IE and late genes (Goins & Stinski, 1986; Stenberg et al., 1985) . No band of 5 kb was seen, however, in Northern blots for a distance of about 500 bp downstream of the polyadenylation site. Although there are no experimental data in favour of a splicing event at the 3' end of the 5 kb RNA, we cannot totally exclude the presence of very long introns like those reported for Epstein-Barr virus (Bodescot et al., 1986) . Finally, a second larger RNA species could have been generated by processing of a minor portion of the pre-mRNAs some 400 bp downstream of the described AATAAA motif. The Northern blot results and the lack of a downstream polyadenylation sequence AATAAA (B. Barrell, personal communication) contradict this assumption. Therefore the elucidation of how two different size classes of RNA are generated awaits the isolation of appropriate cDNA clones. In order to obtain information about the function of this RNA in the replicative cycle of HCMV, the coding sequence and the upstream region were compared to the sequences in the GENBANK data bank. The best fitting examples showed only very short homologies, which were in most cases due to AT-rich regions and homopolymeric A and T stretches. A homology to the human 28S rRNA reported by Shaw et al. (1985) was verified in a Northern blot with the clone pGJ3.1 (data not shown). However, this region is located more than 1000 bp 5' to the initiation site of the 5 kb transcript (Fig. 1) . Notable from the sequence composition is the high AT content within the coding region, which is interrupted by short stretches of high GC. A high AT content has been reported for several viral sequences known to be involved in DNA replication, such as simian virus 40 (SV40) (Bergsma et al., 1982) , polyoma virus (Soeda et al., 1979) , Epstein-Barr virus (Yates et al., 1984) and HSV (Stow & McMonagle, 1983; Weller et al., 1985) . These origin (ori) sequences are often located in the vicinity of viral genes that are intensively transcribed into mRNAs before or after the onset of DNA replication. The DNA region of these ori sequences is itself transcribed in some viruses. For HSV-1 Hubenthal-Voss et al. (1987) reported the detection of a transcription unit and the presence of an ORF which both spanned the DNA region of oriS. Other viral ori sequences are located in surroundings which have been found to be non-coding, as is the case for SV40. The vicinity of the coding region for the 5 kb RNA appears to be intensively transcribed. As the 5' end, the upstream region of the 5 kb transcript is adjacent to the 5' regulatory region of an RNA class of 2.2 kb, which displays a complex splicing pattern (Staprans & Spector, 1986) . At the 3' end, Northern blot and nuclease mapping gave evidence that the 3' coding region of a 1.5 kb late RNA overlaps, by about 250 bp, the 3' coding region of the 5 kb RNA. Since experimental data are still lacking, we cannot say whether these features of the 5 kb gene are important for its function.
There are only a few RNAs besides rRNAs and tRNAs thus far described in animal viruses that do not code for a protein. The VA RNAs of adenoviruses and the EBER RNAs of EpsteinBarr virus are both transcribed by RNA polymerase III (Akusj/irvi et al., 1980; Rosa et al., 1981) . These have fewer than 200 nucleotides and are neither polyadenylated nor capped. For HCMV, no such small RNAs have been reported. No homology of these RNAs to the coding region for the 5 kb RNA was found.
In conclusion, our studies demonstrate that HCMV bears a gene that is actively transcribed into an RNA class of about 5 kb and which appears not to encode a viral protein. Since the RNA is present in infected cells in large amounts and because it is conserved in all HCMV strains investigated so far, it is reasonable to conclude that it has an essential function for the virus. Its role in the replicative cycle still awaits functional analysis. Analysis of the sequence with respect to ORFs. The first longer frame coding for 53 amino acids downstream of the initiation site is marked by the filled box. The longest ORF coding for 99 amino acids is also indicated. (d) Analysis of the sequence with respect to its protein-coding capacity using the method of Gribskov et al. (1984) . No significant elevation of the curves above random (marked by the broken lines) can be seen. However, we do not know whether the method would have been appropriate to find exceptionally small coding regions.
